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ABSTRACT

This Report is the Final Engineering Report covering work
completed cn the IGOR Shelter under Contract AF QR{8066)-1212,
Nata and Calculations are included to indicate the completed
shelters conform to the design requirements as set forth in

the Technical Exhibit No. SE/862-571B.,



PART I
3 1. PURPOSE.
The purpose of this contract was to design, develop, and
fabricate six (6} YGOR Shelters in accordance with Technical
Exhibit SE/862-571B, dated May 23, 1956, The IGOR Shelter
consists ¢f the followlng parts:
A. A Circular Base Section
: B, An Upper Rotating Section
€C. A Power Drive Unit for controlling and rotating the
Upper Rotasting Section,
2. GENERAL FACTUAL DATA.
2.1. Identificztion of Engineers and Techniclans,

2.1.1. Chief Engineer. Mr., T. C. Burnette, Jr., had responsi-

bility for the basic design of the IGOR Shelter,
3“ 2,1.2. Project Englneer. Mr, C, C. Culler had responsibility

for the developmental desigh°

2.1.3. Administrator, Mr. John L. Nichols had responsibility
for administrative work after Dacembef, 1956,

2,1.4. Manufacture and fabrication was carried out at the
Murfreesboro, Tennessae, plant of thc Al‘red Hofmann &
Ce., of West New York, New Jersey. Mr. V., E. Fortuna,
of the Alfred Hofmann company, had responsibility for
thie werk.

2.1.5. Design Engineer. MNr, Pat Ingelse had responsibility for
detzil drawings.

<.1.6. Electironic Enginser. Mr. W. R. Peck had responsibility

‘ for the servo drive,

wle
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8.1. Pre n el

8.2.1. Gircwlar Base Section.

;r-f;. EX Tl

R sm of Work effort. Nr. T. C. Burnotts, Jr., left

-
»

e tgd Contractor'c o-ploy e of Janusry 1, 1857, and '
o l%ﬁ John L. lichols -to0k over the administrative duties,
!hﬂ AI!t‘d.Hoflann company completed and shippad the first
tm-u :naxnn by April 3, 1957. and the remaining three

_”‘heltor' were oomnleted and ready for inapection on

LN L

L

- i. N
-aq“; sl

i nﬁiz.za, 1957, They were accopted by the fachnidat
‘ ﬂipritoutativo of the Contrncting 0fficer on July 12, 1957,

(

" and shipp.d on:July 19, 1987,

z.-’. 'P!E!nt..

2,2.1. The Power Drive Unit for controlling cnd rotating the

Upper Rotating Section is identical electronically to

the power drive units mupplied with Oerlikon propristary

rotating domes. A pastent application, Serial No. 519,390,

o, .
filed July 1, 1933, with the assigned name,"Thyratron

-Control System," covers tho electronic circuitry in the
Power Drive Unit,

8. DETAIL PACTUAL DATA.

‘The prolininnry design was approved by 3ho Oontracting
Ofriccr 48 July, 19856,

3.2. ) § ‘31 ‘-

The fina} design of the Circular
Base Section was completed in Saeptember.

The actual
construction details of Importance are as followj

A. Circular Base Section was builit as an integral unit,

ms ii was possibla to ship 1t to éﬁfrick Alr Forcs

Base as » single unit.

Best Available Cor



3,

The Circular Base Section has a rolled 3" x 24" x 3/8"
aluminum angle forming a circular track on which the
Upper Rotating Section rotates. Twelve (12) verti-
cal supports of 3" x 1/4% Zee aluminun channel support
the circular track and provide mounting surfaces for
the aluminum skin which forms the inside and outsicde
vertical surfaces of the Circular Base Section,
Aerocor Fibreglas insulation, with a nominal thick-
ness of 3", placed between the aluminum skins provides
the required thermal insulation,

The Circular Base Section has an annex approximately

5 1/4 feet wide and 2 1/2 feet deep, which encloses
the Power Drive Unit. An access door, abnut 42" wids,
is provided in the Circular Base Section. The Circu-
lar Base Section cah be mounted to the tower by using
the eight (8) 1" diametor bolt holes equally spaced
on a 13 ft. 5 in., diameter circlse. Metal shims

should be placed under each vertical support during

installetion as required to level the circular track.

Upper Rotating Section. The final design «f the Upper

Rotating Section and 1ts associated parts was completed in

October; however, nurerous changes were made as reguvired for

optimum performance as the No. 1 Shelter was Leing assembled,

The last of these chunges was made in February, 1957. The

consiruction details of importance follow:

A

The structural shape cf the Upper Rotatiing Sectior was

fixed by rolied 1 3/4% x 3% x 1/6" aluninus ractanguiar

cioing forrerd and weldad in the desired shane arnd

A AR
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3.2.3.

location. The shaped surfaces of the Upper Rotating
Section are of a sandwich construction consisting &

threes inches of pow Styrofoam #33 bonded betwsen an
outside and an inside layer of fiberglass. The fiber-
glass layers are also bonded to the rectangular tubing
producing a unified structure,

The primary support member of the Upper Rotating Section
is the guide and support ring assembly. The guide

ring is a rolled 3/8" x 10" aluminum plate welded to

the support ring which is a rolled 3 1/2" x 2 1/2" x 1/4"
aluminum angle., The six (6) support rollers, the six (8)
lockdown rollers, and the six (6) counter-rollers, and
the six (6) positioning rollers are mounted upon the
guide ring.

There is a large viewing aperture, about 6 1/2 ft., wide
and having a 105 arc, with two removable doors in the
Upper Rotating Section. The lower, smaller door can

ride piggy-back on the upper, larger door. The upper,
larger door is motorized with 1imit stops at the upper

and lower limits of travel.

Power Nrive Unit, The final design of the Power Drive Unit

was completed In September, 1956, The important details

are as follow:

A,

A roller chain is stretched around the guide ring

over 3/8" spacers and {s held to ‘he gulde ring by
chain attachments located at approximately 3 degrees
around the guide ring. A mating link-~belt sprocket
has o 60:1 ratlo with the Upper Rotating Section. Due

to the type of construction, the guide ring will not

A=



B,

be a perfect cirecls, and therefors the sprocket shaflt
cannot be rigidly fixed. & kinematic typc drivs,
plvoting about the drive motor axis, has been provided
to allow the sprockat shaft to wove in and ocut as
required by the guide ring. An adjustable sprocksi
counter-rolier has been provided to roll against the
inside surface of the guide ring to maintain ths
sprocket in the roller chain at all times,

The drive motor is a 3/4 horsepowsr D.C. motor wiikh

a rated speed of 1200 rpm. With the gear ratios as
provided, the dome will rotate at least 25 degrees/second
and will track up to at least 20 degrees/sccond. The
shelter synchiro control transformar is geared to the
sprocket shaft to turn at oxactly a 1:1 ratio to the
shelter., This synchro is a Doelcam 23CT6 and mates

with a noelcam 23CX6 to be mounted in the IGOR instriment.
Access to the Power Drive Unit i{s provided through

the inside annex cover plate, which is removable by
means of Dzus fasteners, All the electronic adjust-
ments can be made a2t the electronic control unit panel
located to the right of the inside surface of the annex,
The Powsr Dri ve Unit requires only 117 volt, 60 cycles
per second, single phase power. The single power inlet
supplies all tae liguts locatad in the Circular Baose
Section, the conveniance outlets, tho Reel-lite, and

the Power Drive Unit. The powar source must be con-
nected to the inlet terminels of the fused switch box

in the left-hand corner of the annsx a3 viewed from ine-

sida the dome,



8.3. Thermal Properties of the Sheltsr,

3.3.1, Circular Base Ssaction ;nsulationa The coniract called

for heat insulating lining to be equivalent to 3% of

fibarglass. Three inches of Aerocdr Fibreglas were used
to insulate the Circular Base Section. In the annex, at
least one inch of Aerocor Fibreglas was usaed on all sur-
faces, and two inches wers used wherever possible,
8.3.2. Upper Rotating Section, The Dow Styrofoam #33 used in
the shelter has a k factor slightly better than the k
factor of fiberglass, and thus the 3 inches of Styrofoam
with the fiberglass bond has better insulation capabili-
ties than 3 inches of fiberglass,
The doors covering the viewing apsrture have only two
inches of Aserocor Fibreglas with aluminum reflector
surfaces, Original design had doors 3 inches thick, but
the weight of the doors was excessive, and a compromise
was made between weight and thermal insulation,

3.4, Structursl Data,

3.4,1. Exhibit I presents calculations made in January, 1957,
datermining the critical stresses in the IGOR Shalter for
winds of 130 miles per hour when the viewing aperture is
closed and for gusts of 70 miles per hour when the viewing

aperture is open,

3,5, Acceptancé Inspection and 'festing.

3.5.1. Exhibit Ii is the Acceptance Inspection and Testing Report
of the AFMTC Technical Representative covering the first
three shelters, In the acceptance inspection, the require-
ments of the contract, as stated in the AFMTC Technical
Exhibit No. SE/862-571B, are compared to the IGOR Shelters

-8



3.5.2,

8.8.3.

8.5.4.

3.6,
366.10

=

-as supplied. -The deficlencies noted wore cerreetad before

shipment of the Jo. 1, No, 2, and No. 3 shelters, The
seal leakage tests were carried out on tkhese ghslitere on
Harch § andgig 1987, and thera>wae no svidence of lsvakage.
See Exhibit ITI. |

Ih§ test results of the IGOR Shelters, as resordsd ik
Bxhibit II, determins the Power Drive Unit performenes,
This data indicated & low accelesration in the couater-
clockwise direction of the No. 1 shelter,

Bxhidit YII summarizes the adjustments and changes made
on the ¥o. 1 Dome Control Unit to improve its performance
in the counter-clockwise direction. The 30-degrie step
inpﬁt test indicates the performance is the ssme in both
directions after the adjustmeats. were made,

Exhibit IV is the test results of the Power Driwe Unit
performance for the Fo. 4, No. 5, and No. § shelters, 7Th
data for Shelter No. 5 indicated an acceleration below 10
degrees per second per second,

Exhibit V ie the test results of the Fower Drive Unit per-
formance for the No. 5 Shelter, recorded the wesk before

the shelters were shipped.

Xotorixed Door,

Due to the size and weight of the Viewing Aperture Door,
it was desirable to have scae automatic means of raising
and lowering the door. A 1/4 bcersepowsr gear motor was
mountad at the center of the upper edge of the Viewing
Aparture to move the doors up or down in responss to push-
button controls. Limit switches are providsd to stop the

doors at ths dessired extrenities of travel,



3.7. Reoprene Shest Seal.

3.7.1. Experlence with the first thres units which were shipped

to Patrick Air Porce Base indicated that ths wind conditions
existing there mades the 0il seal undesirable. In order to

effect a seal without major changes being required, the

L W R
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Neoprene Sheet Seal was added at the base of the Uppsr
Rotating Section. This seal must be manually raised for
operation and must be manually lowered to scal the Shelter
in the stowed condition. The 0il scal may or may not bs

used in conjunction with this Neoprene Sheet Soal, =8 the

operating personnel so desire.
Exhibit VI 15 the agreement defining the requiremeants for
the Neoprene Sheet Seal made bestween Oerlikon Tool & Arms

Corporation of America and AFPNMTC.

w8
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1. CONCLUSIONS,
1.1, §t:gggg!£ E;br.glas Constryetion.
-Tho.stiro?oam Pibregles sandwich type construction has the
_oharacfa;istics desired for Astrédome Shelters. Its thermal
ineulation properties are the best availadble, Its rigidity
and strength to weight ratio is high. Its fabrication
process is versatile, permitting manv differsnt shapes and
sizes, Its weathering propsrties are excellent, Any
accidental breaks in the oxposed"surfncos can be easily
_rﬂpairtd with a minimwm of equipment.
1.2, !1ncmatic1Xction Powi; Drive,
The Kinematic Action drive mechanism presents soma definite
advantages for driving Astrodome Shelters. Its basic pur~
pose is to allow non-circularity and eccentricity of the
rotating section while maintaining a rigid and accurate
gearing between the drive shaft and the rotating section.
The drive as assembled in the IGOR Shelters is protected
from the outside weather conditions. The friction level
of this drive is quite low and allows in and out movements

of ths sprucket shaft of two inches.

1,3. Rotatin~ Mass and Friction Level,
The rotating mass of the IGOR Shelter is in excess of
1800 pounds and has a Wr? of 54,600 #-ft.2, The friction
level was rsduced by using stainiess stesl~-tired ball bear-
ing roilers. The shelters as built with the electronicaily

controllsd 3/4 horsapower motor has an acceleration-velocity



prodnét;of at fteast 10 x 25’g 250. Thus, this shelter, or

a shelter with similar frictisea levels and rotating mass,
caq.hava th;c ncceleration-velocity product with the spme
size drive motor, A 1 1/2 horsepower motor would give an
scosleration-valdoity ﬁrodngt of 500, The desired veloeity-
accoloratibn r;tio can bc»oﬁtaiﬁcdlby sslecting the correct
gear ratio between the drive motor and the rotating secticn,
‘The IGOR Sheltars as built have a retio of 206:1 giving a

veloeity to scceleration ratio of 2.5:1.



1,
1.1,

1.2,

EXHIBIT I

STRUCTURAL DATA ON IGOR SHELTER

DRAG AND LIFT FORCES ON IGOR DOME AT 130 MPH AND TO MPH WINDS.

Drag Force Formula.

Reference for ell formulae is Mark's MECHANICAL ENGINEERS®
HANDBOOK, Fifth Edition, pp 1468 - 1488,

Drag = Cpo _YV2S

. ‘ 2

whcrt:/’ = air density » 2,378 x 10-3 pounds/cubic foot

’ V = wind velocity = 130 mph sz 190.6 feet/secodnd

‘ S = surface area

Drag coef{ficient Cyp.

The dome when stowed Dresents a surface which is made up of
a cylinder and a sphere, Since the dome is a closed velume,
the Reynoids number has an effect on the drag cnefficient Cyp.

R = Reynolds # = Vi

A
= length of object perpendicular to air flow in fret
¥ 14 1t

viscosit gf air
s 1.21 x 10°9 pounds/foot-second.

where: 1

M
xt 130 MPH wind:

R a {2,378 x 10-3)(190,6)(14) = 5.24 x 105
1.21 x 10-°

fe e

at 70 HPH wind:
Ra (5.24 x 103)(70) « 2.82 x 10°

For sphere drag coefficient is about:

CD 2 0,4 at 130 MPH wind
Sphere

c ¥ 0.5 at 70 XPH wind
DSphere”
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For cylinder with length of 5 diameters and its axis normal
to the wind the drag coefficient is:

Cp ¥ .8 at 130 NPH wind
cylinder
Cp ¥ .8 at 70 MPR wind

cylinder

For cylinder with length of 1 diameter and its axis parallel
with the wind the drag cosfficient is:

Cp £ .91 at 180 MPH wind
cylinder x

c
Dcylindor

«91 at 70 MPH wind

When the dome is in operation, the viewing ape:ture will be
open, The drag coefficient will depend on the location of
the apening of the viewing aperture with reapsatl tn the winn
direction, Pror the case of maximum drag, the wind w»oula be
blowing directly into the opening. The drag coefficient-for
an open hemisphere facing the wind isg

open hemisphers

1.3, Drag forces,

1.3.1. When the shelter is closed and the axis of the cylindrical

section is parallel to the wind direction, the surface is
a combination of a spherc and a cylinder, and the surface
of the spherical portion is:

Ssphers ¥ (6)2 TV . 56,5 square feet

Scylinder ¥ (8:5)2 ;; - 56.5 =~ 36,8 square feet

An approximate drag coefficient for the combined surfaces
will be mssumed to be as follows:

CD E { S.QIZSGB.BE . 5.42§56.52 s 74.3 = .657

Fnlg'i.857)(2.378)(190,6)2(113.8) - 3210 pounds
7T
Fp

1 is the force on the upper rotating section when stowed
in 130 ¥PH wind whose direction is parallel to the cylindri-
cal section axis.
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1.3.2,

153080
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When the shelter is closed amd the axis of the cylindrical
nection is normal to & 130 HPH wiad, (e surfees 1o wgain
s asnkination of & ayllindrlial ouilese sl & spheriaal
surface,

Cylindrieel Surface Area £ (6.3)(8.8) = 53,2 square fest
i o 173
Spherical Surfzce g 2 { (r costdd)(r cosd - §)

“o
~ 7/s
= 2r3 [%ing e0ad « @ ~ sind
E (o]

Pt [ g g
r2[”) - .43%7

P
2 (42.25)(.614) = 25.9 square fest

Fp (:8)(2.378 x 10~%)(190,6)3(85.2)
oyiindor -

3 = 1908 pounds

sphere ® (,4)(2,878 x 10-3)(190,8)2(25.9)

B 447 pounds

Fp

*, 2 1003 + 447 = 2350

With the wviewing aperture open and a 70 MPH wind biowing
direatly into the viewing aperture, the surface is mads
up of an opsn surface 8 1/2 feet by 6 1/2 feet and the
closed spherical surfacs of section 1.3.2.

Opan Surface = 55.2 square feat

Spherical Surface 3 25.9 square foet

rp 1L.89X2.878 x 10-3)(102.5)2(85.3)
open Z

= 928 peounds
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F e (,4)(2,878 x 10-3)(102.8)2(25.9)
Dgpherical g
= 129 pounds
PD s 1035 pounds

3

The maximum drag force is 8210 pounds,
l1.4. Lift forces.

1.4.1. There are no 1ift coefficients given which are spplicable
- to the shelter, HNowever, an upper limit can be placed on
the 1ift forces to be equal to one half of the drag force,

1.4.2. The weight of the upper rotating section must be subtracted
. :fron the maximmm 1ift force to obtain the net 1ift force.

F s 8210 ~ 1450 = 203 pounds
net 2

2, STRBSSES IN THE COUNTER-ROLLERS DUE TO THE LIFT ARD DRAG F@RCES
ON THE IGOR DOME.

2.1. Force on counter-rollers due to the forces on tho upper
rotating section.

{gg}}; tgg ng; 1{% far t ?ll Eg h?rnq by gll alx cznnti.*

® KANE REXAHERE N & MWxMERiL
g &'thgn f%!r 93’1 ] b Spner FRARTRE Wactlan whigh In the
woret cuse 1s riifriinid y two cotntereroilers. fTherefore, we
assume that the total net 1ift at worst is borne equally by

four counter-rollers d that two of these rollers are the
rollers which gounteract the moment due to the drag forces.

2.1.1., Porce on four counter-rollers which are assumed to bear the
net 1ift force is:

Py = 208 & 51 pounds

2.1.2. The centroid of the cylindrical surface is about 4 fest up
from the base¢ of the upper rotating section, If the wind
prespure was equally distributed over the projected area,
then the cenfer of pressure would be located approximately
there. From configuration, we know that the maxiwum pres-
sures will be experienced by the lower center surfsces whers
the air velocities ara the lowest, sc the pressure center
would be lower, Thus four feet is & good assumed value for



2.1,3.
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:hc moment arm. The turning moment of the drag force is
hen:

Mp w 4 x 3210 ¢ 12,840 pound fset,
The two active gounter-rollers will have a moment ara of
about 11 feet for a rotation about the lower rear edge of

the upper rotating sectioen. The force on each of these
two rollers due to the dreag moment is about

Fpp = (1/2)(;21340 ) = 884 pounds

Porce en the counter-roilers due to the lock-down rollers

1s s3timated to be about 30 pounds,

z:tal force on the two maximum loaded counter-rollers is
ont

PCR = 31 » 384 « 30 » 665 pounds

.9, atraqqiu on ths snunters~rallery.
Counter~roller support shaft is ms aketched below:

b
YL - i1 rsp

'Y

iy
;-HP*Q) Dia,

P

|

e L

!
/'M‘TL: S WTAIN eSS CIJEG L
irPE g g,
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2.2.2. Shearing stress is 2 maximum at the 1/2 - 13 mounting bolt.
"he thread depth is approximately 0.100 inch, co the workiag
ares {81

As (8- .2)2 ”74 » .0T06 square iaches

Shear str-ess ic:

Sg geg' v 9410 pei
.

2.2.3. The maximwm tension stress will occur at the inmer edge of
the one-half inch nominsl dismeter portion., The moment on
the shaft at that point is:

A u (688)(1/2) » 332.6 pound-inches

The RAximum tension strese is therefore:

Se .ﬂ#ﬁl ? 4‘!8215; a 27,000 psi

2.2.4. The aateriasl used is stainless steei type 304, which has a
jon:iio strength of 85,000 pal, This gives a safety factor
ot [

3. STRUCTURAL AND NECHANICAL PROPERTIES OF THE FIBREGLASS-STYROFOAM
STRUCTURE USKD IN THE UPPER ROTAYING SECTION.

8.1, MNeéchanical Propertiss at 77° F of Styrofoam #33.

Compressive Yield Strength 16 - 38 psi
Tensile Strength 65 - 95 psi
Shear Strength 80 - 40 psi
Flexural Strength 48 - 99 psi

3.2, N@chanionl Properties of the Fibreglass-Styrofoam structure
as used in the upper rotating section.

Compression Yield Strength (compression nermal to

the Mbreglass surface) as tested 33 psi
Compression Yield Strength {compression parallel

tc the Pibreglass surface) as tested 3¢ - 82 psei
Plexural Strength 180 psi

4. REPRESEMNTATIVE Yltggs OF STRESS IM THE UPPER ROTATING SECTIOH
UWDER LOADING OF KPH WI¥DS.

4,1, ¥Maximwsm pressure on dome surface (ian terms of iancrease over
atnospheric pregsure).

Poow v 3/307% 5 9,002878 (190.3)%
/ T

i

+ 43.3 pounds/sguara foot

b2

[

7,302 og
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This corresponds to cempression loading normal to Fibreglass
surface, which has a yield strength of 83 psi.

If the total fores acting on the dome is considered o be
acting at the front sdge of the upper rotating section and
that all restraint is considored acting at the rear asdge of
the wpper rotating section, a mean compressive stirees
(compression parallel {o the Fibraglass Surface) can be
calculated for the mid cross seetion of the dome, The area
of this cross section is as follows:

res & 2[2(18)(7) ¢ 26300 ¢ 66]
T 3 [163 + 80 o 36] = 868 squars .nchos

Stress = 5210 ~ 3,7 psi

The yield strength for this loading as moasured is 39 psi.

In order to calculate the flexurs loading in ths dome the

problem must be greatly eimplified, Since the spherical

shape is stronger than the cylindrical shape, we shall

assume & cylindrieal cantilever beam with an outsido radius

of 6 1/2 feet and a wall thickness of 3 inches. A concentrated

}faddo{ 3210 pounds is applied at a distance of 6 feet from the
xed end,

For the beam! .
%gg[ro‘-ri“ s _T_(ro = ri)(ro ¢ ri) (ro? o ri?]

ro 4 1o
(68,900) in,8

-

- 7 (8)(158)(6084 & 5623) # ¥
ey B 4

The maximum moment is:

X 's (3210)(72)

The maximum flexurzl stress is:

Se = ?g e 532%05‘725§42 = 4,27 pei
’

The corresponding flexural yield strength was messured as 180 psi,

In the above assumed conditions, the oylinder would have internal
sypport to hold it in the cylindrical shape. In the actual
structure, the aluminum mambers. the spherical section, and the
wein sunport plate tend to maintain the dome in the unloanded

shapa.
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| ACCEPTANCR INSPECTION & TEST REFORT

Sudbject: IGOR‘;Astrodm - W.A, 02-6201€

Applicable Documents: Technical Exhidit FSR/862-571B
| Cntract AMOB(606)-1212

as OTA), Asheville, N.C,

. l
Contractors: nrukon Tooz & Arws Corp. of America (Hereinafter referred

Pabrication By: ' Alfred napw Co.
‘ Box 438
{NuhvillJ, Tenn.

Tests conducted at Alfred/Hofwann Co. 11-15 Pebroary 1957.

: /
Personnel partitipating in tests or present at Hofmann during inspection
md test period:- . .

Mr. Vincent Fortuna, Hofwmann Plant Manager

Mr. Walter Peck, Engineer, OTA

Kr. John L. Nichols, Asst. to President, OTA

Mr. F. B, Tyler, A.C.D,, Atlanta Air Procurement Bistrict

Mr. G. B. Cope, Engineer, RCA, AFMYC Technical Representative
Mr. X. Oraves, Plant Supt., Production Control, Rofwemn

Mr. W. A. Thornberry, Plant Foreman, Hofmemn

Prof. W. R. Baker, Associate Professor of M,E., Vanderbilt Univ,

Factval Data:t The Technicadl ¥xhibit was reviewed by Meesrs. Nichols, Peck,
Fortuna and Cope. A brief resume follows. The results of
this revieu were later discussed with Mr. Tyler.

.1? I
% required radius of the hemispherical volume should be 6'6" with center
S'8" above floor level «! actually i3 6'7-1/8" rediws with center 5'10-1/4°
adbove floor,

;.1.1:

weight is estizsted to be 2,750 pounds as compared to permisgibdle
maximum of 2,500 pounds. Actual weights will be determined at time of
shipment. The weight problem on TOOR towers is not criticsl snd weight
in excess nf 2,500 pounds is acceptable.

3.1.2:
T submitted stiuctural deta which has been reviowed. The astrodome
vill withstand 130 MPH hurricanevelocity winds as required.
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0103' . . ;
;f; required dome aperture vidth 1a 6"5' end checkz out satisfactorily.
™is sperture (s to pemmit elevatian tracking from approximately -5 to

| ?;ﬁ%ﬁ:éﬁ?"ﬂ%éﬁ’ggw)"Eéi%ﬁ’ai“sﬁd TR v

idhnical représentative advised the conirector
that this elevation travel is accepisble. The requirement that the
field of view of the sighting telescopes mmst not be edscured will
permit L,5° dome lsg. This item is co~ered in performance deta for each
dome and discussed under test procedures.

ele o1t
45-0'%;0 support rollers (6 total) have a stainless siesl =i over a
phenolic sleeve to minimise vibraticn. The etosntrically mountod lock
down rollers (6 total) are rubber covered to prevent dsmage to support
track surface during periods of stowage. Ths rollers {6 totsl) beneath
the track to permmit overturning are stsinless steel. )

A~

01e3.2¢ ’
%F_-—'Jn dome door has three pairs (one roller on each side «i top,
middle and bottom) of rollers which are on an eccentric are. Each pair
(such as top pair) is operated from s centrally locally square atud
shaft. Hand cranks are provided fcr locking smd unloeking the door.
Similser eccentric locks are provided for the piggy back door. Pad
locks sre to be added 0 the piggy back door to prevent entry of unauth-
orised perscnnel. The door in the base has a tumbler type lock.

oded. s

reservoir type seal is provided between the rotating dome end
base. Vin Con C-50 (Connemst Rubber & Plastics Co.) is used as the
seal for tim base door, main dome door, piggy back door and between
the piggy back and main dome doors. There are no sliding seals. In
sddition s rudbdber flap it provided sbove the seel on the upper end of
the nain dome 4oor. A shield 1s axtended on sach eide of the main dowms
door. A water deflector is attached to the bottom of the main dame door
to prevent direct water epray hitting the seal betwecn the main and
piggy back doors. A flange is provided sbovs the bese door to prevent
direct water spray hitting the seal. Thess flanges, flspe, etc., will

decrsase the possibilities of vater leskage. Vin Con C-50 is satisfactory

(see par. 4.2.3),
;.l.h:
notor drive requirermanta of this paragrsph have been fulfilled,

.101‘01!
%; drive performance will be covered in test data on sach pstrodoma,
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i.l.h.?:

yoquirementes of this paragrsph have been fulfilled except for drive
shock mounting. The design 13 the seme ar that which we? approved by
RCA Units 8850 and 8820. The vidbration produced by the astrodome did
not appear to be excessive. Vibratibtn messuring equipment was not svail-
able. The Technical Exhihit does not set levels of allowable vidbrations.
The Technical Represenative feels that the vibration is not axcessive.
The drive i3 scceptadble Tas-is",

L 4

«1e51
nitial design spproval included provisions for a door in the bace
which eliminated the requirsssnt lcr steps.

oloét
gﬁ_aon 1s o sandwich type construction using fiberglass snd Dow st{;o-
foem £33 (epproximately 3" thick), The K factor is .23 to .28 at LO'F,
The doors have two inches of Owens Corning Aerocor fidberglass with a X
facter of ,2085 at 75°F,

The door construction is made up in the following order: aluminum akin,

one wheet of Alumifeil, 2" fibergless, one ahset of Alumifoil, aluminum
skin,

The tase se~tion of domé #7 and 3 and subsequent domes Have and will have
3* of fiberglass. #1 dome base has 2" of fiberglass. The Annex will have
at least 1" of fiberglass on all surfaces and 2" of fiberglass vherever
possible. These insulation provisions are acceptable.

T2
recessed wall lights and one reelits are furnished snd are accept-
able,

.2 .2'1 02'2 |2I2.1’
&df% C’&altrof personne] wauld normally mske an inspaction on require-

mente in these paragraphs, There were no Quality Control inspectlors
presant, The Tgchnical Represcnative reviewed materials used and
practices followed. The contractor hag taken precautions to furnish

a product which will withstand a tropical seashore locale with an aboo-
lute mintmum of maintenance (see note under drive chain and sprocket
problem encountered). It is the opinion of the Technical Respresentative
ithat thess requirements were adequately fulfilled.

5
i
P
]
2

1 .2.2-23 -
: %ﬁ contractor used elecirical materials vhich are non-mtrient to fungus.
Glaos covered wire was used for tha motor control. This is acceptable.



Exhibit I
Page L . 2/25757

02&2. H ’
&F;fc%tioa provided is satisfeactory.

0211013
;l; contractor has exercised grest care and preczutions to minimi e
dome rolling friction, sveoid binds and high spots.

[ * & .1:
ﬁao requiresents are fulfilled.

D2
g contresctor he® provided a product which indicates gocd workaan-
ship. The appearance of #1 astrodome is not ss goeod as smbsequent
sstrodones. Many techniques were perfected and problems solved an
#1. This difference in appearance is accepiabls.

4.2.1, L.2.2:
22 roquiremsnts were fulfillad.

Le2,3¢

seal leakage test wae not conducted becsuss of the quantity of water
involved in s five minute test on all seals gt & pressure of 50 pounds
per square inch. That smount of water would flood the plant. The
cratractor agreed to conduct this test when loading the domes for ship-
ping. Copias of the test results will be furnished.

hoZoh!

omz wvag tracked in one direction, then reversed quickly and was
found to be satisfactory. The test equipment availsble would not simulate
initiel TOOR tracking rates from a stopped poaiticn. ' S22 discussion
under Lag Tests. In view of the fact wnt t“a Brush Rscorder was asveil-
able for anly a very limited pariod ot time the Technical Representative
andi the contractor agreed to run one dome about four hours (altermating
direction each hour} at 8,6%/sec. rather than run all domes at 5%/sec.
Por two hours. Tha test data will provide resultes.

REVIEY OF PEQUIRRMENT® OF APPENDICES

“hisz reviesd liet includecs iaws which wore chenged in recent
ztha, Tha contrector sdvised Mr. Tyler thet they wald prefsr to
G spute parts procursd fream Hofmann rather than O07A., FEr. Tyler was
‘o oredclve this problem. Hr. Tyler was advised that spare perts are
o i ke eariliaznt posslble date.
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Instruction Becok Mamvseript
The conlrsctor Torvarded this item to APMIC oo & Pedbruary 1957.

Installation Criteria
Complete.

ME‘E
contractor recently requosted a deviation from the drswing require-
ments. A recammndation of acceptance of their proposal has dees nade.

The following problame were encountered during imspection end test.
Corrective sction ie indicated,

All Astrodomes

{a) No locks for dome doors to avoid entry of unauthorised persconel
~-- corrective action:t add padlocks to piggy back door,

(b) Wo serisl numbers on estrodomes or thyratron control units --
corrsctive action: add serial numbers.

(e) The plastic cover over the convenience outlets doss not permit
proper engagemsnt of male plugs -~ corrective action: use metal
cover or rearrarge atteching devices.

(d) The piggy back door corner strikes the aperture sesl when closing
the piggy back door and will, in time, demage the seal --
corrective action: 4nstall tw~ metal strips on bottom side (one
on each end) of main dome door to prevent the corner of the piggy
back door touching the seal.

(e) ‘the dome drive sprocket jumps out of engagement with the diive
chain with sudden reversal of dome drive. Every fourth chein
link is supported with a X-1 attachment. The K-1 holds the chain
mvay {rom the dome skirt by approximately 3/8¢.

There were no provisions to hold the links betwoen X-1 ettschments
on the seome radins as the link attached to the K-1., The sprocket
Jumped at this intermediate pcint —— corrective action: sdd two
support spacsrs betwesn each two K-l sttachmants., Aluminum
spacers vere used mmd are to be treated to prevent galvanie sctiem,

{f} Tho ons dome door lock crank universal joint is welded to preveat
swivel action —— corrective action: leave vraeldsd on others and
bresk weld on the s alresdy madse,
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Astrodome ﬂ

[ r sperture scal doeg not fit properly .- correctiveée action:
se2l replaced.

(b) Figgy bsck door rollers do not engage slot in door track -~
corrective action: wrepcsition limit atops.

{c) Dome door drive shaft bent -- corpective action: straighten
shaft, ‘

(d) Roller which limits drive sprocket engagement in chain hit k-1
attactments -- corrective actim: cut radius on corner of

mmro
Astrodome
a er main dome door lock decal bhackwards -- corrective sction:

reverse dscal.
(b) Same as (b) dome f1.
(¢) Light switch upside down -- corrective action: reverse switch,
(d) Same as (c) dome f1.

() Synchre trensformer drive link set screw missing -- corrective
sction: put in md tighten set screw.

Astrodome A

Ta : nain drme dosr Jaek Neca) heekwardr <. saprective aptiomg
reverse decal.

(b) Same as (a) dome J2.

(c¢) Piggy back door eccentric rollers out of phase or aligmment --
corractive action: realign sccentrics,

Test %iFt
a) As ) uatort~ A Doelcam 23CI6 trensmitter synchro znd

spotlight projector turntable are driven by r synchronous motor
through interchangeable gears and goxr reducers. This gynchro,
when electrically connected with the synchrp trsmaformer on the
dome drive, provides signals for the dome control wnit, Th2
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(b)

(e)
(4)

spot of light from the projector is displayed on a target which
is on the inner circumference of the rotating portion of the
astrodone. The target is greduated in 1/2 and 1 degree incre-
ments to 16° clockwise and counter clockwise from a serc center
position. The ou nt. -pud selection available runs from

Brush Recorder:~ 4 two channel Brush recordsr was usod for
scceleration data. One synchro transformer rotor lead was
connected to ane chamnel. The second channcl wes connected
to the plate switch of the thyratron cantrol pmel to imdicate
sero time. A diagram of the circuit used is available in

Optics Enginsering.
Stop Watches:-
Spring Scale:-

Test Procedures

(a)

Acceleration Datai- Pre and post test calibrations were recorded
in ON and COW directions, The astrodome evsiuator synchro was
aligned with the dome synchro to obtain szero signal. A two degree
error vas set in with the evaiuator. The amplitude of Brush
recorder channel 1 represented a two degree signal. This procedure
was followed for OW and OOW signals of 2, L, 6, 8, 10, 12 and 16

degrees.

After the pre test calibration the synchros were mulled, An eight
degrec step signal vas set in with the evaluator when the dome
control unit plate switch wvas off, The switch war turned onm,

giving sero time indication and starting the doms drive. Contractor
peracnnel reported that the 60 cycle power frequency is quite stable
and the 50 cycles were used for a time base, The charnel 1 ampli-
tudeo and time are compared with the calibration to detemmine
ncceleration. This procedure was followed for CF snd OCW step
signals of 8 and 16 degross. Three runs were made in each direction.

Acceleration was calculated from S = 1/2 AT

S = degrees travelled
A = accelerztion in degrees per second per second
T = time to travel S degrees
¥
Velocity Datas- Three tests wers conducted to obtein velozity
data. After the synchro is nulled an error signal greater than
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6° 4as set in ani neld thronghout the test., This error signal
wi3 started simiitaresusly with a stop watch., The first teet
reoresents average velscity ‘rom N° to 360° or one revolution,
The second test is il» velncity for one revolution after the
Jome was at a maximun velncity. The third test is the velecity
fer two revolutions after the dome was at a meximum velocity.

(¢) Lag Tests:- The dome lay was cbserved from the spot of light
described above and taken from Rrush Recorder records. An
8,69/sec. rate was provided by the evaluator. The lag observed
exceeds the permiseible limits of L.S5C but are attributed to
the acceleratim of the evaluator. A calibration of the
evaluator indicated that it reaches maximum velocity in a
fraction of a second (.1 to .2) which surpasses to a great
extent the acceleration capabilities of the IGOR instrument.
The azimuth rotating mass of IGOR is estimated at spproximately
four tons., After this initial lag which exceeded the nllouable

L.5%, the lag observed was within specification limdts. A
device to simulate IGOR acceleration (par. L.2.4 of T.E.) was
not available,

(d) Oscillation Test:~ Par. 3.1.L.1 of T.E. SB/B62-ST1B atates
*no serious oscillatory or unstable conditions shall be
arparent in the drive system®™, The oscillations were visually
observed by the spot of light on the target described sbove
and taken from Brush Recorder records,

(e) Wind Load Test:- The Technical Exhibit does not specify that
the astrodoae must track under any wind loading. These tests
were conducted for information only and not specifically aes an
acceptance criterion, A spring scale wasz held on the dome door
track which is at an 8,75' radius Trom dome center. -The load
was applied by hclding the load fairly uniformly with tracking
rates,

Accelerstion Data
Paragraph 3.1.L.1 of T.E. SE/862-571B - "The I0OR shelter shall be
capable of accelerating at ten (10) degrees per second per second®,

Test §1 was conducted on Dome on 2/1L/57. On 2/15/57 Dome #1 was
operated for five hours at 8.6"/second velocity {direction of rotation
was reversed each hour) to observe vossible degradation of perfomance
after this extended run. This extended run was conductad on 71 and
waived on domes f#2 and £3. Test #2 was conducted on #1 immediately
after the five hour test,
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Test #3 was conducted on dome #2 on 2/1L/57. The azimuth oi) seal
was filled with SAE #1400 oil ‘o determine possible degradation of
After these tests, the blocka
were placed under the drive chain to prevent drive sprocket. elippags.
Test #L was conducted on dome #2 on £/15/57.

performance because of heavier oil.

Test #5 was conducted on dome #3 on 2/15/57.

WOTES: (1)

Tests 2, L, and 5 were conducted with the astrodomes

operating as fieldworthy units with known deficiencies

corrected,

(2) Data on the five serias of ‘ests described above are
Attachment £1 (L pages).

Velocity Data

Par. 3.*.5.! of T.B, SE/862-571R - "The maximum tracking rate of the
IGOR shelter shall be ten (10) degrees per second.”

Dome
est - 0 to 360°
Test #2 - 3600 rota-
tion after reaching

top speed

Test #3 - 720° rota-
tion after reaching
top speed

g%%%"% - 0° to 360°

Test #2 - 360° rota-~
tion after reaching

top speed o
Test #3 - 720" rota-
tion after reaching
top speed

Dome f
Tosl ?% - 09 - 360°

Test #2 - 360° rota-

tion after reaching
top speed
Teat #3 - 720° rota-
tion after reaching
top speed

G Time

8.0 sec.

15.'4 sec.

32.0 sec,

15 sec.

13.5 sec

27.0 sec.

16:2 sec,

13,3 sec.

27.8 sec.

Velocit COW Time Velocity
15.050 sec, 1B.0 sec. 200 sec.
23,L° sec. 15.L sec. 23.L%sec.
22.5° sec. 28.7 sec. 25.1° sec,
24° goc. 1L.5 sec. 2L.8° sec.
26,6 mec, 12.0 sec.  30° gac.
26,6° sec., 2L.h sec. 29.5%sec.
22.1° sec. 16.2 ssc. 22.1° sec.
27.1° sec. 12,0 sec. 30° sec.
25.9° sec., 24,0 mec. 300 sac.
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Lag & Oscillation Tests

Dome #1 0, -
The astrodome evaluator set in a rate of 8.6 /sec., the dome was
operated from O to 360° CW.

" 4,5° lag occurred at 1.k sec, and stopped at 2.68 ssc.
(duration 1.28 sec.)
Total Oscillations - 1l
Time for 360° - L sec.
Overshoots - 2

Dome
e astrodome evalustor set in & rate of .88°/sec., the dome was
nperated from 0 %o 30° CW, then O to 30° CCW.

C.W. C.C.W.
virxt Lag biR1-] 0
“aximua Lag 1.6° 2,70
Oscillations 6 54
Travel THhe' from 0-30° 34,5 sec, 3L.9 sec.

The astrodcme evaluator set in a rate of 2,6%/sec., the dame was
orerated fror 0 to 360° CW,

..7C .ag occurred at .53) sec. and stopped at 1.766 sec.
‘duration 1.733 sec.)

Total Oscillations - 11

Time for 30° - L2 sec.

Overshoots - 2

The astrodome evaluator net in a rate of 12.7%/sec., the dome was
operated 0 to 3}60° OCW.

L.5° lag occurred at .65 sec. and stopped at 3,016 sec.
{duration 2.3%sec.)

Total Oscillations - 10

T™me for 360° - 28.L4 ssc.

Overshoots - 1}

Dowe §3
"he astrndome evaluator set in a rate of £.6%/sec., the dows was
rerated from O to 180° CW.

L.5° lag occurred at 1.31%5 sec. and stopped at 2.LS sec.
(duration 1.134 wec.)

Total O3cil'ations in 180° - 64

Time for LR0Y . 21.R sec.

Overzhoots - 1




g
3
3
3
¢

i R A,

o o Tl i 4 AR S

BT

et A i

Exhibis 1Y
Page 11 2/25/57

The astr.ime svalustor set in a rate of 8.6%/sec., the dame wvas
operited froc O te 1500 CCW.

4.5° lag cccurred at ,9° sec. and stoored at 1.6 zec.
(duration .62 see.)

Total OscilYa*ions in 180C - --.

Time for 180C . 21.3 sec,

Overshoots - 1 4

Wind Load Tests

Prellninary tests revealed that all three domes performed similarly

under variocus leadings at different velocities. Typical dats were
recorded fros astrodcme §3.

The walustor put in a rate of . and R.€° sec,

Load

Rate Direction A?ued

oz w ¢ 8.

ot o Y 1be,

W2 o LO ibs,

o2 ocw LO 1bs, ?

.2 o 50 1bs. 3“—330
.z cow S0 1bs. 30-3sC
.2 o 80 1bs. 2?-33‘-‘
.2 coW RO 1bs. 240320
8.6 oW 30 1bs, 22°-h°
8.6 oow 30 1lbes. 24°-4°
8.6 oW 50 1ba. 30.60°
8.6 oW 50 1bs. 30-¢°

Conclusiona:

Tslrodomes 1, 2 and 3 are accepteble when changes discussed herein
are completed and upon satisfactory results of seal leakage tests,
Astrndome drive control unuts #2 and ) are acceptable. Astrodome
drive control unit £1 must be checked by the cantractor to determine

reason for low CCW acceleration, corrective action taken, and unit
shipred to AFMTC,

Recommendat iont
It 1a recommended that the ACO take action as indicated in conclumions
above. The #1 control unit may te shipped separataly within three

weoks of astrodome shipment. Astrodomes #1, 2 and 3 are to be shipped
together.

G. 2. Cope
Technical Representative

]
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Exhibit 11X

MBORANDUX FOR THE BRCORD

25 March 1957
Y4, (2-8301%

SURTECTt IOOR Astrodome Testz Comtract AFOB(E06)-121

The Alfrod Dofmann Cospeny, Murfressboro, Temaasses, csufucted waler
spray tests om Fo. 1, 2 and 3 IGOR Astrodewss. The foliewing regert
wvhich vas certified by & Notary Pudlic was sudbmitied to tho Technical
Rsprecentative:

"Mis vill certify that om March 5, 1557 smd Mereh 8, 1957 igsv
Domss $1001, 1002 and 1003 wore smubjectad to water test aan
follows !

All Goors were locked shut and etreem of <uter from boso nos-
rle vas played on éoms from differemt angles dirsetly en sesls
for & psriod of fiftesn wimwtes.

Results: Jo lesks were obsarved around. axy of the dorx seals.

ho water pressure At 203zle vas cut dowe to give maxzimxm
pressure. Pups delivering water set ca &0 1de.

Dowe $1001 was tested March 8, 1957.
Domes $1002 and 1003 were tested March 5, 1957."

The No. 1 Dome comtrol unit was inspected. The fellowing inforasmtion
describes occodlitiom found amd actiom taken:

4, Blases 35 found vham wnit first turead omt
Zero: 82 1.2 volts positive with respact to 81
DC Biss: K1 32 volts positive 7ith respect to Gl
2 25.5 volic poeitive with respeet to 2
AC Bisa: Bl 21 velts rma. to &1
892 20 volts . to (R

b. Replaced ¥4 with nev 6577 end put in two mew Huyrebtress ZL T20/6013.

2. Fimz? Rles Adjustusaied
ot B2t o voltaygs tebwmen [) ezd 82 to zzee
AC Tleer AL 19 woltz yme. Yo B
82 19 wmlis m=. o 2
2

s Ty = b 4 = e Ale NP N NP e )
Do Dizse 2% wvelis positive wilh Igspect o 23
—r. - . 5 moe IR PP S
T2 2L roiks posilivr with rzmoocol o OO
e PR L e LA "‘5"33 PRl a A ] 3 u {‘”f_’v, K e W




EXHIBIT IV

Attechaent Bo. 1

mh-hs
Cd Yizs
foot Bo. 1 ———
0 to 360° 12.0 gec.
Mﬁb.a
0 to T20° 2h .5 sec.
Test Ro. 3
72" rotstiem
after reschimg
tep opesd 80.5 sec
Posig Bo. 53
CY Pims
Teot ¥c. 1
0 to 3&° 1h.9 sec
Test B». 2
9 to 720 25.3 sec
Soet He. 2
732" roaation
after roschiag
tep spead 20.6 sec
. Dewe ¥o. 62
CE Pime
Test 2. 1
0 te 3&0° 12.0 seoc

YELOCIZY 2SR

Yalsoel
25.7° /sec.
29.5° fasc.

35930/’&.)

Yeloel
2%.2° [ooc.
28.5° foec.

35° /sec.

Yelcelty
25.7° [eec.
£9.4° fean,

33‘?!‘%&%O

oY Time Telgeits
4.5 ees. z’?%.?;ff‘*
35.5 see.  £5.2° fees.
2.9 e2c.  35.0%fass
CC¥ Tizs Yelssity
15.0 sec. 25.7 [aac
2.0 sec. 357 fess.
£0.0 sec. 3§ /ese
m'g mo &g;@%.
g's == -3 .%oig%.

L]
28,72 foen

“ihe 3 JEA =
R

3est Available Copy



Attachuent Bo. 2

3507

PN A3 CTEEENE T

2.% fesc valecity, 30° retatisa

Saxirn lag

Total Oscillsticrs
Tizs fer 30° retation
Gvershoota

8.8 /Jeec valocity, 366" retatics

FF Funs INTT
CoR e el
&5 &S
-1 f%° Iy
15 iz
T azc. T Boe

/2 (e=- %ﬂ' (ex-

~oeded b.5° for csedod b.5°

o 23

0.39° /sec velocity, 3¢° retatiom

P@mm
Saxisam loag -1/3'

Petal Qecillatiage 18 bJ.}
Tite fior 30° reto-
$imm TS sec. ™ ecec.
TEESE 1 1

ntwe » wid

DD

D5 fune valooity, 6 rosstism

R g
cay s
e N
AR e
5 el F8
P '\"i a0 oo i‘.e Al e
a0 I e A T e
- ]
%
N ol
.
- e

aee.)

3-1/2 eec.) for 2-1/2
8

@
k1.8 sec. 5.3 oo,
3 2

»
-

mf“"‘!?:' Bt Sem

R

i\w » “‘\“‘v
g « A‘\?‘-

Q \n,_t o

N

v T el

Faich -

< L3



Do Bo. 6t

6.32° foec velecity, 3" rutatice

Maxizma lag

agtal Oscilleticems
fime for 30° rotallem
Overakoots

8.6 fose velecity, 360" rotatien

Eaxizen lag

Dims Lag excseded b.5°
Total Oscillaticms
Pime for 3&° retaties
Cveriboota

k1.8 sec.

3 ,
21.8 sce.
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EXHIBIY VI

The followins sgrazments are hereby entersd inic by 2ir Force
Missile Test Center and Osrlikon Toel & Arms Corpuration.

1, The proposed method of improving ths fLstrodome oil segls 20
that they meet the requirements of paragraph 3.1.3.8 of

Technical Exhibit SE/862-571B shrll be essentially as follows.

The device will consist of a rudber sheet of suitable compesition

to withstand weather eonditions zt a geashore location and {lexin

when the seal is opened to the non-gezl <ondition. The rudbler

sheet will be of sufficient width to come down over ths metial skirt

around tne upper rotating section and to extend in agaimst the lower

base section. The sheet will be folded ancd will enclose in the fold

a rubber bungee cord, and the edges will be placed together and hela

tightly against the aluminum angle at the lower edge of the upper

rotating section by means of the metal skirt and screws. In opera-

tion, 1t will be necessary in order to open the seal to pull the

rubber sheet and bungee cord out away from the lower base section

and up over the metal skirt on the lower odge of the upper rotating

section, Suitable means shall be provided to initiate the menual

opening of the seal without damage to the seal er dome and a method

of preventing the seal from returning to closed position during

periods of operation shall be proviied. The design shall be essential-

1y as shown in the attached sketch.

2. Oerlikon shall furnish three (38) of the above described rubber
seals and shall perform installation of these scals on Astro-
domea Xos., 4, 5, and €.

3, Upon installation of the rubber seals on Astrodomes Nos. 4, 5,

and §, Alr Force Missile Test Center will accept these units
pud the Contractor shall not be liable for any furtaer change or
nodification to the Dome seal.

pDirectorate of Range Assistant to President
Devblippuent Qerlikon Tool & Arms. Corp.

W, Husbner

Yy
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